The present study attempted to find out the relation between rainfall variability, trend and distribution in Dindigul district of Amaravathi basin for groundwater management. A detailed analysis of monthly, seasonal and spatial variation of rainfall for the study area had carried out. The normal annual rainfall of the district varies from 700 to 1600 mm. The north east monsoon contributed the maximum rainfall of 439mm (50%), followed by South-west monsoon which contributed 254 mm (29%), summer which contributed 147 mm (16.8%) and winter contributed the minimum rainfall of 26.8 mm (2.8%). A high value of CV had observed in all the stations, which indicate the greater rainfall variability, and more chances of occurrence of drought. Higher variability of coefficient of variation was observed in central part of the district.The result of MMK z-test at 1% level indicates that the majority of stations showed non-significant trend in annual, summer and monsoon season of rainfall. Out of the 13 stations studied in the district, annual rainfall of only one station (Kuthiraiyar) showed significant decreasing trend in annual rainfall (-3.05 mm/year) and five stations recorded the significant decreasing trend in rainy days during southwest monsoon. Chatrapatti and Natham stations recorded the significant increasing trend during north east monsoon and Virupatchi station recorded the decreasing trend.
R a i n i s a ve r y i m p o r t a n t n a t u ra l phenomenon, which can persuade the human life. In fact, the rain that falls into certain area can viewed because of many factors, which can divided into three segments: space, time and other factor. The rainfall analysis and its results at a particular location can illustrate in above three categories. Several researchers have studied the distribution, variability and trends of rainfall at global, regional and basin scales. A study on temporal (monthly, seasonal and annual) rainfall trends in twentieth century over Kerala, India reported a significant decrease of rainfalls during the southwest monsoon and an increase during the post-monsoon season 1 . An attempt was made to study the temporal variability of rainfall and its trend at Seonath sub basin in the Chhattisgarh State (India). They used Modified Mann-Kendall (MMK) (non-parametric), Spearman's rho test (parametric) to detect the trend and Sen's slope to detect trend magnitude in which decreasing trend have observed in annual and seasonal rainfall series of the whole basin 2 .
Study Area
The study area Dindigul district extends over 6,266 km 2 of geographical area in Tamil Nadu. The total population of the district is 2.16 million (2011 census). More than 78 per cent of them live in rural areas. The density of population is 291 per sq.km. The district consists of 14 blocks and two blocks are noticed as driest parts. Out of the net area sown, only 9 per cent is sown more than once. The majority of the villages in the eastern and the central part of the district are in the category with less than 40 per cent of net sown area. Dry farming is predominant in thedistrict and the important wet land tracts are located in the Shanmuganathi and the Kodaganar basins. This implies that, the agriculture is mainly depended on rainfall (dry farming). As for seasonal distribution, the full benefit of southwest monsoon could not be harvested because of Western ghats, and north east monsoon is the principle monsoon in the district. So an attempt has made to study the rainfall distribution, trend and variability over the station and trend in number of rainy days is also studied in the district. This includes the spatial variation of rainfall, variability over different seasons, and trend of rainfall.
Dindigul district is a hard rock terrain located in the south part of Tamil Nadu, India. . The study area falls in the sub-basin of Cauvery River basin. The normal annual rainfall over the district varies from about 700 mm to 1,600 mm. The study area enjoys a tropical climate. The periods from April to june area generally hot and dry (summer) and it is pleasant during November to january (winter). The hilly region records low temperature and fairly heavy rainfall. The North-East monsoon is the main source of water in the district.
materials and method
The daily rainfall data for the period of 1971-2014 was collected from Public works Department, Chennai and tabulated to calculate the monthly and seasonal rainfall for the individual rain gauge stations. The seasonal analysis of rainfall and rainy days were carried out for Winter (january-February), Summer (March -May), South-west (june-September) and North east monsoon (October -December).
Trend Analysis
The magnitude of the trend in the seasonal and annual series was determined using the Sen's estimator 3 and statistical significance of the trend in the time series was analysed using Modified MannKendall (MMK) test 4 . The Z values for seasonal and annual rainfall clearly exhibit the trends in spatial dimension over the study area 5 . Sen's estimator 6 was widely used for determining the magnitude of trend in hydro-meteorological time series 7 . In this method, the slopes (Ti) of all data pairs are first calculated by To ascertain the presence of statistically significant trend in hydrologic climatic variables such as temperature, precipitation and stream flow with reference to climate change, nonparametric MannKendall (MK) test had been employed by a number of researchers 8 . The MK method searches for a trend in a time series without specifying whether the trend is linear or non-linear.
The statistics (S) is defined as
Where, N is number of data points. Assuming (X j -X k ) = , the value of sign ( ) is computed as follows:
This statistics represents the number of positive differences minus the number of negative differences for all the differences considered. For large samples (N>10), the test is conducted using a Where, n is the number of tied (zero difference between compared values) groups, and tkis the number of data points in the k th tied group. The standard normal deviate (Z-statistics) 10 is then computed as
Fig. 5: Seasonal distribution of Rainfall in Dindigul district

Fig. 6: month-wise Rainfall in Dindigul District
If the computed value of %Z %>z á/2 , the null hypothesis (Ho) is rejected at a level of significance in a two-sided test. In this analysis, the null hypothesis was tested at 99 % and 95% of confidence level.
Statistical procedure for rainfall variability Analysis
Co efficient of variation (CV) is a statistical measure of how the individual data points vary about the mean value. A greater value of CV is the indicator of larger spatial variability, and vice versa. CV is used to classify the degree of variability of rainfall events as less, moderate and high. When CV < 20% it is less variable, CV from 20% to 30% is moderately variable, and CV > 30% is highly variable. Areas with CV > 30% are said to be vulnerable to drought 11 .
ReSuLTS AnD DiScuSSion
Spatial and Temporal distribution of rainfall
The rainfall characteristics showing mean, variance, seasonal distribution of individual station has shown in table 1. It is evident from the fig 3 and  table 2 , that the normal annual rainfall over the district varies from about 700 m to 1600 mm. It is minimum around Palani (709 mm) in the north western part It is evident that, maximum rainfall of 1250 mm occurred during the year 1977 followed by 1993(1235.90 mm) while the year 2013 received the minimum rainfall of 408 mm (Fig. 4) 
Seasonal distribution of Rainfall
The north east monsoon contributed the maximum rainfall of 439mm (50%), followed by South-west monsoon which contributed 254 mm (29%), summer which contributed 147 mm (16.8%) and winter contributed the minimum rainfall of 26.8 mm (2.8%) (Fig.5) . The highest contribution of North east rainfall was observed from Palani station (62.7%) followed by Kuthiraiyar (62.0%). The equal in proportion of seasonal distribution was observed in Kodavanari.e 39% from south west monsoon and 40.3% from North east monsoon.
Average monthly rainfall
The average monthly rainfall of the district is shown in Fig.6 , it was observed that the rainfall trend was increasing from january to May then it is decreasing in june month. Again it starts to increase upto November. While analysing the average monthly rainfall of the basin, November month received a maximum of 192.3 mm rainfall followed by (October 177.8 mm) and February month received a minimum rainfall of 14.6 mm.
Rainfall Variability Analysis
The percentage of CV varies from 26 (Kodaikanal) to 42.0 %( Mardanadii Dam). The average value of CV in Dindigul district is 31.9 %. According to Hare (1983) , if the CV> 30%, then the rainfall is highly variable. High value of CV indicates the greater rainfall variability and more chances of occurrence of drought. There is no station falls under the category of less variability (< 0.20). From table 1, there are Seven stations falling under moderately 
Trend analysis
The results of the Mann-Kendall analysis to deduct the trend in annual and seasonal rainfall for the study area have given in Table 3 . The Modified Mann-Kendall (MMK) z-test (10%, 5% and 1% level of significance) applied to annual and seasonal rainfall over different stations.
The magnitude of the trend in annual and seasonal rainfall has been determined using the Sen's estimator is given in Table 3 .As evident from table 3 that results were non-significant in majority of The results of MMK z-test at 1% level are shown in Table 2 indicates that the majority of stations show a non-significant trend in annual, pre-monsoon and monsoon seasons. Out of the 13 stations studied, annual rainfall of only one station (Kuthiraiyar) showed significant decreasing trend. In the monsoon season (South west and North east), the maximum decrease is of the order of -72.4 mm/ year for Mardanadi dam (data available from 1999 onwards) and minimum decrease is for Palani station (-1.65 mm/year).The increasing trend in winter season rainfall is found to vary from 0.13 mm/year (Kamachipuram) to 2.06 mm/year (Nilakottai).
Trend of rainy days
The average of rainy days in the district is 47. In which Kodaikanal receives the highest number of rainy days (85.7) followed by Natham (56), Dindigul (51) and Chatrapatti (35.7) followed by Kodavanar (36) along with Virupatchi (37).
During south west monsoon 15 rainy days were recorded and during north east monsoon 22 rainy days were recorded. North east monsoon recorded more numbers of rainy days compared to southwest monsoon. The station Kodaikanal, Mardanadi dam and Natham recorded almost equal numbers of rainy days in both the monsoons. The results indicate that more number of rainy days were observed during October (10.17) followed by November (8.45) and September month (6.59).
Kodavanar and Virupatchi stations recorded the significant decreasing trend of annual rainy days.Virupatchi is the only station which shows the significant decreasing trend in all seasons except winter season (increasing trend). The highest annual rainy days were recorded in Kodaikanal station located in the hilly area called as princess of hills receives high amount of rainfall and allocate major amount of runoff to catchment in the Dindigul district. A non significant decreasing trend of rainfall in all seasons was observed. However, in rainy days, significant decreasing trend was observed during south west monsoon at 90% level of significance. In Palani, the significant decrease of rainy days has observed during southwest monsoon and summer.
Out of thirteen stations in the districts, five stations recorded the significant decreasing trend in rainy days during southwest monsoon. Chatrapatti and Natham stations recorded the significant increasing trend during north east monsoon and Virupatchi recorded the decreasing trend.
concLuSion
The trend detection analysis of rainfall for thirteen stations of Dindigul has indicated a decreasing rainfall trends in annual, monsoons, and winter seasons. The MKK test indicates that the significant rainfall trend has observed only in annual, monsoon and pre-monsoon seasons at 1% level of significance. The increase in annual rainfall varied between 10.11 mm/year (for Natham) to 0.29 mm/year (for Peranai and Kamachipuram) non-significantly. Significant decreasing trend was observed during annual (-3.05 mm/year), Southwest (-10 mm/year) monsoon seasons in Kuthiraiyar station. The number of rainy days shows the decreasing trend in Chatrapatti (-1.9) and Virupatchi (-1.74) stations, during southwest monsoon. In Palani, the significant decrease of rainfall during south -west monsoon (-1.65 mm/day) and nonsignificant increase in annual rainfall (2.4 mm/day) has observed but significant decrease of rainy days observed during southwest monsoon (-2.03) and summer (-2.49). The variability of rainfall also high in the district (> 30 percentage) which indicates the non-significant trend from 1971 to 2014 and the climate change may influence the variability of rainfall. This leads to higher the groundwater exploitation and there may be the chance of flood and drought occurrence in the district. Since dry farming is predominant in the district, the decrease in rainy days during monsoon and variability of rainfall affects the agricultural practice, which results in failure of crops.
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